The distribution of subpopulations of lymphocytes in lymph nodes and tumors from cattle with enzootic bovine leukosis (EBL) was examined by immunohistochemistry using a panel of monclonal antibodies against leukocyte differentiation molecules of EBL. The lesions in lymph nodes could be divided into three types based on the extent of infiltration and proliferation of neoplastic cells with provirus and differential expression of leukocyte differentiation molecules. The number of B-B2+, sIgM+ cells was reduced in frequency in follicles during the neoplastic cell proliferation. CD4-and CD8-positive a/@ T cells and y/6 T cells positive for WC1 (workshop cluster designation) were also reduced in frequency in areas infiltrated with neoplastic cells. Almost all neoplastic cells were B-B2-and IgM-positive. However, there were a few B-B2-and/or IgM-negative cells or cells stained faintly in all cases. WCI + cells were not observed in tumor tissues. However, CD4+ and CD8+ cells were observed throughout tumor tissues, suggesting a role for these cells in tumor immunity.
Extensive studies have shown that enzootic bovine leukosis (EBL) is caused by bovine leukemia virus (BLV), an oncogenic retrovirus related to human T-cell leukemia viruses I and 11. 15, 21, 24, 30 Unlike the human viruses, however, BLV infects and transforms B The mechanisms of leukemogenesis remain unclear. Examination of leukocytes during the preleukemic phases of the disease has shown that disease progression is associated with an increase in the frequency of sIgM+ B cells in peripheral blood that express the bovine orthologue of CD5 6~1 4 and the appearance and/ or upregulation of a set of tumor-associated molec u l e~.~~~~~~~~~~~-~~~~~ In animals that become B-cell lymphocytotic, the majority of B cells express sIgM and CD5. A large percentage ofthese cells have been shown to carry one or more copies of provirus integrated into the genome at random sites.I0 BLV envelope gene has been identified in 76.9% of B cells from animals with persistent lymphocytosis (PL).I6 Provirus is present in a low percentage of cells in infected animals with normal numbers of B cells.IO It is present in only 0.033% of B cells from cows without PL. 16 Although the fre-quency of occurrence of neoplastic transformation appears higher in animals with PLY leukemias/lymphosarcomas also develop in animals with no apparent elevation of B cells. In sheep infected with BLV, transformation and development of 1eukemiasAymphosarcomas occur without overt changes in the frequency of B cells in peripheral blood.i7 These observations suggest that transformation of the cell that gives rise to the leukemias/lymphosarcomas occurs as an independent event from persistent lymphocytosis. It is clear from the clonal nature of the proviral integration site that most leukemias/lymphosarcomas arise from the transformation of a single cell. Where this event occurs is not known.
The low frequency of leukemias/lymphosarcomas and the delay in their appearance have suggested that a cytotoxic T-cell response may indeed develop and eliminate neoplastic cells before the transformed neoplastic cells become established. The present study was undertaken to (a) detail morphologic events that occur during the course of infiltration and proliferation of neoplastic cells into lymph nodes a n d tumor tissues and (b) determine whether or not any evidence indicates that cytotoxic T cells might be present in lymphosarcomas.
Materials and Methods

Animals
Samples were obtained from eight cattle necropsied at the Department ofveterinary Pathology, Iwate University, from October 1989 to May 1990. They were divided into two groups based on results from clinical examination, necropsy, and agar immunodiffusion testing of BLV antigens. Three BLV-negative cattle were in group 1 and were diagnosed as having focal bronchopneumonia, meningoencephalitis, and caudal vena cava thrombosis, respectively. Five BLV-positive cattle with EBL were in group 2 (Table 1) .
Southern blot analysis
Genomic integration of BLV proviral DNA was studied by Southern blot analysis of the superficial cervical lymph node from two BLV-free cattle (group 1) and the tumor tissues from five leukemic cattle (group 2). Genomic DNA was extracted from frozen tissue blocks with 10% w/v sodium dodecyl sulfate and phenol-chloroform.I5 High-molecular weight DNAs (10 pg) were completely digested with either Hind11 or Sac1 and then electrophoresed on 0.8% agarose gels. After electrophoresis, the DNA was transferred to Hybond-N filters (Amersham, Buckinghamshire, UK) and analyzed by the method of Southern3' using as a probe a 32Plabeled 6.8-kilobase (kb) EcoRIISalI fragment of the molecularly cloned BLV proviral DNA.3'
Hematologic examinations
Blood collected from the jugular vein was used for hematologic examination in seven cattle. The leukocytes were counted with an automatic blood cell counter (Sysmex cc-110, Tokyo, Japan) and differential counts were made on blood smears stained with May-Giemsa solution. Typical and atypical mononuclear cells were counted in smears of peripheral blood. The hematologic diagnostic keys of the European Communityr3 and Ohshima et al." were used for the purpose of differentiating animals with and without lymphocytosis or leukosis. Serum antibodies to gp 5 1 and p 24 of BLV were detected with the agar gel immunodiffusion test.ll.21.25
Pathologic examinations
At necropsy, tissue samples of the superficial cervical lymph node and tumors on the stomach wall were divided into two pieces: one was embedded in O.C.T. Compound (Miles Scientific, Elkhart, IN), frozen rapidly in liquid nitrogen, and then stored at -80 C for immunohistologic examination, and the other was fixed in 10% neutral-buffered formalin for histologic examination. The paraffin sections were cut and stained with hematoxylin and eosin by routine methods. Cryosections were cut at 5 pm, fixed with absolute acetone for 5 minutes, and stored at -80 C until used. were used for the detection of cell surface markers, MAbs were used at 15 pglml of immunoglobulin in phosphatebuffered saline. Immunohistologic staining was done by the avidin-biotin peroxidase complex method using a commercial kit (Vectastain ABC Kit Mouse IgG, IgM, Vector Laboratories Inc., Burlingame, CA).4.1') Anti-ColiS69A and BAHO 16A MAbs were used as negative controls for isotypes IgG, and IgM, respectively.
Results
Southern blot analysis
No proviral sequences were detected in the genomic DNA of the superficial cervical lymph nodes from two BLV-free cattle (Fig. 1, lanes 1 and 2) . In all leukemic cattle, DNA of the tumor cells digested with Hind111 greatly. However, when Sac1 fragments were hybridized to the probe, two common internal fragments of proviral DNA (6.5 and 1.3 kb) were observed in tumor tissue DNA from all leukemic cattle, indicating an integration of complete BLV provirus.
Hematologic observations
No hematologic evidence of bovine leukosis was seen in BLV-negative cattle (group 1, Case Nos. 1-3). Two animals (Case Nos. 6 and 7) were diagnosed as aleukemic leukosis and three (Case Nos. 4, 5, and 8) were diagnosed as leukemic leukosis.
Pathologic observations
In group 1, no obvious lesions were microscopically detected overall in lymph nodes. There were primary and secondary follicles. Infiltration of neutrophils and eosinophils and deposition of hemosiderin were observed in the sinuses. No neoplastic cells were detected.
In group 2, the degree to which the original architecture of lymph nodes was destroyed by neoplastic cells was divided into three types. In type 1 (Case Nos. 4 and 5), numerous neoplastic cells with a high incidence of mitoses were observed in sinuses. The archi-Superficial cervical lymph node. tecture of the affected lymph node was similar to the architecture of normal lymph node with primary or atrophic follicles (Fig. 2) . In type 2 (Case No. 6), follicular hyperplasia and proliferation of neoplastic cells with mitoses in parafollicular areas and dilated sinuses were observed, with the architecture of the lymph node distorted by the presence of neoplastic cells. In type 3 (Case Nos. 7 and 8), the architecture of the lymph node was completely replaced by proliferation of neoplastic cells.
Lymphosarcoma tissue. Proliferation of prolymphocytic (Case Nos. 4-6 and 8) and poorly differentiated (Case No. 7) neoplastic cells were evident in tumor tissue ( Fig. 3) . Many mitoses and areas of focal necrosis were observed in tumor tissues from Case No. 6. Immunohistologic staining with MAb BAQ95A. Avidin-bi-
Immunohistologic observations
In group 1, MHC class I1 antigens were expressed on cells in all areas of the lymph node except the paracortical area (Fig. 4) . The follicles consisted of mainly B cells and a few CD2+, CD4+ cells. Most of the cells were positive for both CD2 and CD4 in the perifollicular and paracortical areas. CD2+, CD4+ cells were scattered in the follicular center and medulla (Fig. 5 ). CD8+ cells were scattered in perifollicular, paracortical, and medullary areas but not in the follicles. WC1+ cells were found at the sinus periphery ( Fig. 6) . Anti-B-B2 and -1gM antibody-positive cells were present in high concentration in the follicles and also scattered in the paracortical area and sinuses (Figs. 7, 8 ). GM1+ cells were scattered in the medullary cords and sinuses.
In group 2, the variations noted in the distribution of alp and y/6 WC 1 + T cells and B cells are shown in Table 2 . MHC class II-expressing cells were evident and increased throughout the lymph node. The distribution of CD2+, CD4+ and CD2+, CD8+ cells was similar to that of the normal animals, but they were more sparse in areas infiltrated by proliferating neo-Superficial cervical lymph node. t otin peroxidase complex method, methyl green counterstain. Bar = 150 pm. Superficial cervical lymph node; Case No. 5, in type 1. WCI+ cells are seen on the border of the sinus in cortex and medulla of the same block as in Fig. 2 . Immunohistologic staining with MAb BAQ4A. Avidin-biotin peroxidase complex method, methyl green counterstain. Bar = 150 pm. Fig. 7 . Superficial cervical lymph node; Case No. 5 , in type 1. Note B-B2+ cells stained intensely in follicles, stained with MAb BAQ44A. Serial frozen section of the same block as in Fig. 2 . Avidin-biotin peroxidase complex method, methyl green counterstain. Bar = 150 pm. plastic cells. WC1+ cells were reduced in number in areas infiltrated by neoplastic cells (Fig. 9) . B-B2-positive cells or IgM-positive cells were reduced in frequency in primary or atrophic follicles of type 1 (Fig.   lo ), but B-B2-and IgM-positive cells were moderately increased in neoplastic areas of types 2 and 3. GM 1 + cells were scattered in areas that were not distorted by the presence of neoplastic cells.
Lymphosarcoma tissue. MHC class II-expressing cells were found in every part of the tumor tissues ( Fig.   1 1) and lymph nodes in type 3. CD2+, CD4+ cells and CD2+, CD8+ cells were scattered in tumor tissue in equal proportion (Figs. 12, 13 ). WC1+ cells were not seen. In four of five cases, almost all neoplastic cells were B-B2-and IgM-positive (Case Nos. 4-6 and 8).
However, B-B2-positive cells with variation in the expression of IgM were noted in some areas in Case No. 7 (Figs. 14, 15 ). A few B-B2-negative or faintly stained cells were present in all cases, especially in Case No. 4. GM1+ cells were scattered in tumor tissue.
Discussion
Southern blot analysis
Hind11 cleaves only once in BLV proviral DNA, so only two fragments containing proviral DNA are gent oxidase complex method, methyl green counterstain. Bar = 150 pm. Fig. 9 . Superficial cervical lymph node; Case No. 6, in type 2. Decreased number of WC 1 + cells are scattered at the border of the sinus in cortex and medulla. Immunohistologic staining with MAb BAQ4A. Avidin-biotin peroxidase complex method, methyl green counterstain. Bar = 150 pm. Fig. 11 . Tumor on the abomasum wall; Case No. 7. MHC class I1 DP-positive cells are seen diffusely. Immunohistologic staining with MAb H42A. Avidin-biotin peroxidase complex method, methyl green counterstain. Bar = 150 pm. Fig. 12 . Tumor on the abomasum wall; Case No. 7. MAb CACT138A-positive CD4+ cells are shown on serial section of the same block as in Fig. 11 . Avidin-biotin peroxidase complex method, methyl green counterstain. Bar = 150 pm. erated per integrated BLV copy. Southern blot analysis of EBL revealed that BLV provirus was integrated into genomic DNA of cells from tumor tissue obtained from the five leukemic cattle examined in this study. The clonal characteristics of the banding pattern indicated that the affected lymph nodes contained neoplastic cells.
Surface antigens of neoplastic cells
Heeney and Valli' demonstrated that EBL lymphomas are tumors of mature B-cells with common characteristics and indicated that the most consistent phenotype observed in tumors was MHC class II+, cIgM+/ sIgM+. Aida et al.' reported that EBL tumors could be classified phenotypically into two types: c 143 TAA+CDS+CD6-B1 low+ B2+ and sIgM+ or sIgM-, representing different B-cell lineages, and suggested that pressures associated with infection by BLV that favor development of tumors are manifested late in B-cell ontogeny, possibly during the isotype-switch period.
Our results also demonstrate that many neoplastic cells in cattle with EBL were both B-B2-and IgM-positive. In one case of EBL, many neoplastic cells were B-B2positive and IgM-negative. Some neoplastic cells did not express B-B2. The relationship between the B-B2 antigen and sIgM, however, may not always be consistent.8 Our present data suggest that the difference in expression of the surface antigens may reflect an alteration in regulation of B-B2 and IgM synthesis after neoplastic transformation.
Immunity against neoplastic cells
Animals infected with BLV develop lymphosarcoma after a long incubation period. Yamamoto et al. 33.34 have reported the existence of natural cytotoxic activity against BLV-transformed cells in lymphocytes from cattle and sheep and suggested that the appearance of neoplastic cells is the result of lowered cytotoxic T-cell activity. Cytotoxic T (CD2+, CD4-, CD8 + ) cells play t Fig. 13 . Tumor on the abomasum wall; Case No. 7. MAb CACT80C-positive CD8+ cells are shown on serial section of the same block as in Fig. 11 . Similar number of positive cells to respective MAb is seen. Avidin-biotin peroxidase complex method, methyl green counterstain. Bar = 150 pm.
Tumor on the abomasum wall; Case No. 7. MAb BAQ44A-positive B-B2+ cells are shown on serial section of the same block as in Fig. 11 . Many of the cells are B-B2positive. Avidin-biotin peroxidase complex method, methyl green counterstain. Bar = 150 pm. Fig. 15 . Tumor on the abomasum wall; Case No. 7. PIg45A2-positive cells are shown on serial section of the same block as in Fig. 11 . Only a few positive cells are scattered throughout. Avidin-biotin peroxidase complex method, methyl green counterstain. Bar = 150 pm. suggested that CD8+ lymphocytes and CD4+ lymphocytes play an important role as effector cells and that they inhibit BLV growth in B lymphocytes. The results of the present study show that the number of T cells is decreased in the neoplastic lymph node. It is thought that the apparent decrease in T cells in tissue infiltrated by neoplastic cells is attributable to a dilution effect in the lymph node. However, the possibility of a role for T cells in tumor immunity was suggested, because T,,, and T,,, cells were scattered in the tumor tissues. Further studies are needed to determine whether or not these T cells play a role in tumor immunity.
WCl + cells were reduced in frequency in areas infiltrated with neoplastic cells and were not observed throughout tumor tissues. A similar finding was previously demonstrated in sheep.'* This suggests that WC1+ r/6 T cells are not involved in immunity against tumor cells late in the course of disease.
